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Photoluminescencea b s t r a c t
Three new silver(I) coordination compounds based on 2-ethyl-3-methylpyrazine (epyz), [Ag2(epyz)(pta]
(1), [Ag4(epyz)2(ipa)2] (2) and [Ag8(epyz)4(npa)4] (3, H2pta = o-phthalic acid, H2ipa = m-phthalic acid,
H2npa = 1,4-napthalenedicarboxylic acid), have been synthesized and have been characterized by ele-
mental analyses, IR spectra and single-crystal X-ray diffraction. Complex 1 shows a two-dimensional net-
work comprising Ag2 units linked by the organic ligands. In complex 2, tetrahedral Ag4 units are bridged
by the organic linkers into a double-layer structure. In complex 3, the chains with alternating Ag3 and Ag5
units are connected by the organic ligands into a three-dimensional framework. The structural diversity
of these compounds and the Ag units is highly dependent on different carboxylates and the coordination
modes of the epyz ligand. The thermal stabilities and photoluminescence behaviors of these complexes
were also discussed.
 2015 Elsevier B.V. All rights reserved.Introduction
The coordination chemistry of coinage metal ions is of intense
current interest for structural and inorganic chemists due to the
structural esthetics, as well as semiconductor, luminescence and
medicinal properties [1–12]. The argentophilic interactionbetween d10 Ag(I) ions is an interesting phenomenon which plays
an important role in constructing fascinating structures and affect-
ing the properties of the assemblies [13–18]. A large amount of sil-
ver aggregates formed through Ag–Ag interactions have been
structurally characterized, ranging from dimers to intricate high-
nuclearity clusters. However, the silver units are mainly restricted
to discrete molecules, such as chalcogenides. Except for silver-
ethynide coordination polymers with diverse silver clusters [19–
24], in which the alkynyl moiety shows various coordination
T. Zhang et al. / Journal of Molecular Structure 1092 (2015) 44–50 45modes and the tendency to induce argentophilic interactions, sil-
ver clusters are still relatively lacking in silver-organic coordina-
tion polymers.
In recent decades, a great diversity of coordination polymers
have been reported with alluring structures and excellent proper-
ties. But still, it is hard to predict the exact structures, as many fac-
tors can dramatically change the framework architecture and
physical properties. At this stage, confidence in achieving this goal
is primarily based on the sophisticated selection and utilization of
suitable organic ligands.
Pyrazine is a widely used moiety in the construction of Ag(I)
coordination polymers, however complicated silver units in these
coordination polymers were seldom observed [25–32]. Recently,
our group has focused on silver coordination polymers combining
methyl substituted pyrazine and carboxylates [33–36], and the
combination of such ligands proved effective to construct Ag(I)
coordination polymers containing various silver units formed
through Ag–Ag interactions. As a continuation of previous work,
herein, we report three Ag coordination polymers of 2-ethyl-3-
methylpyrazine and different aromatic dicarboxylates, namely,
[Ag2(epyz)(pta] (1), [Ag4(epyz)2(ipa)2] (2) and [Ag8(epyz)4(npa)4]
(3) (epyz = 2-ethyl-3-methylpyrazine, H2pta = o-phthalic acid,
H2ipa = m-phthalic acid, H2npa = 1,4-napthalenedicarboxylic acid).
Different kinds of silver clusters formed with Ag–Ag interactions
were observed in these compounds.Table 1
Crystal data and structure refinement parameters for 1–3.
Complex 1 2 3
Empirical formula C15H13Ag2N2O4 C30H27Ag4N4O8 C76H66Ag8N8O16
Formula weight 501.01 1003.04 2208.34
Crystal system monoclinic monoclinic monoclinic
Space group C2/c P21/c P21/c
a/Å 9.8587(10) 14.2283(7) 15.1016(10)
b/Å 22.2786(12) 14.7082(9) 21.6928(12)
c/Å 7.2324(15) 14.7288(10) 22.0365(15)
a/ 90 90 90
b/ 109.43 98.594(3) 101.80371
c/ 90 90 90
Z 4 4 4
V/Å3 1498.0(4) 3047.7(3) 7066.4(8)
Dc/g cm3 2.221 2.186 2.0756
l/mm1 2.635 2.591 2.245
F(000) 972 1948.0 4320.0
reflns collected 5439 29,130 60,065
Rint 0.0382 0.074 0.1108
Data/restr./param. 1703/0/89 6952/0/380 13,852/0/957
Goodness-of-fit on F2 1.208 1.009 1.020
Final R1 [I P 2r(I)] 0.0604 0.0650 0.0727
Final wR2 [I P 2r(I)] 0.1543 0.1786 0.1599
Final R1 [all data] 0.0825 0.0973 0.1346
Final wR2 [all data] 0.2006 0.2055 0.1933
Largest peak/hole/eÅ3 2.51/3.11 1.23/1.86 2.50/2.47Experiment
Materials and methods
All chemicals of analytical grade were purchased and used
without further purification. Distilled H2O was used in the reac-
tions. Elemental analyses was conducted on a CE instruments EA
1110 elemental analyzer. IR spectra were recorded on a Nicolet
330 FTIR Spectrometer with the range of 4000–400 cm1 using
KBr pellets. X-ray powder diffraction experiments were conducted
on a Panalytical X-Pert pro diffractometer with Cu-Ka radiation.
Thermogravimetic analyses were performed on SDT Q600 instru-
ment from 30 to 800 C at the heating rate of 10 C/min under
the N2 atmosphere (20 mL/min). Photoluminescent properties
were investigated on a Hitachi F-7000 Fluorescence




Ag2O (23.4 mg, 0.1 mmol), epyz (24.4 mg, 0.2 mmol) and H2pta
(33.3 mg, 0.2 mmol) were dissolved in H2O-DMF (N,N-
Dimethylformamide) mixed solvent (6 mL, v/v = 3/3) under stir-
ring. Then, aqueous NH3 solution (0.5 mL, 14 M) was dropped into
the mixture to give a clear solution under ultrasonic treatment at
room temperature. The resultant solution was filtered and allowed
to slowly evaporate at room temperature in the dark. Colorless
crystals of complex 1 were obtained after several days. (Yield:
71%, based on Ag.) Anal. Calcd for Ag2C15H13N2O4: C, 35.86%; H,
2.60%; N, 5.58%. Found: C, 35.91%; H, 2.58%; N, 5.62%. Selected IR
peaks (cm1): 3403(s), 1562(s), 1479(w), 1405(s), 1384(s),
1147(w), 1083(w), 1037(w), 854(w), 829(w), 761(w), 692(w),
649(w).
[Ag4(epyz)2(ipa)2] (2)
Colorless crystals of complex 2 were obtained in a similar way
as that of 1, with the replacement of H2pta by H2ipa (24.4 mg,
0.2 mmol). (Yield: 71%, based on Ag.) Anal. Calcd forAg4C30H27N4O8: C, 35.86%; H, 2.69%; N, 5.58%. Found: C, 35.81%;
H, 2.72%; N, 5.53%. Selected IR peaks (cm1): 3374(s), 3068(s),
1608(s), 1556(s), 1427(s), 1371(s), 1265(s), 1162(s), 1078(m),
1039(m), 985(w), 933(w), 904(w), 854(w), 817(m), 734(s),
709(s), 655(w).[Ag8(epyz)4(npa)4] (3)
Colorless crystals of complex 3 were obtained in a similar way as
that of 1, with the replacement of H2pta by H2npa (43.2 mg,
0.2 mmol) and the replacement of the mixed solvent by DMF-etha-
nol (6 mL, v/v = 3/3). (Yield: 47%, based on Ag.) Anal. Calcd for
Ag8C76H64N8O16: C, 41.30%; H, 2.90%; N, 5.07%. Found: C, 41.28%;
H, 2.86%; N, 5.11%. Selected IR peaks (cm1): 3425(s), 3128(s),
1556(s), 1457(s), 1405(s), 1361(s), 1261(s), 1207(m), 1164(m),
1031(w), 971(w), 852(w), 817(s), 792(s), 665(w), 584(w), 547(w).X-ray crystallography
Single crystals of 1–3 with appropriate dimensions were chosen
under an optic microscope and then mounted on a glass fiber for
data collection. Intensity data were collected at 173 K on Rigaku
R-AXIS RAPID imaging Plate single-crystal diffractometer with gra-
phite-monochromated Mo-Ka radiation source (k = 0.71073 Å)
operating at 50 kV and 90 mA in x scan mode for 1–3. The cell
refinements and data reductions for 1–3 were accomplished by
the PROCESS-AUTO processing program [37]. Absorption correc-
tion was applied by correction of symmetry-equivalent reflections
using the ABSCOR program [38]. All structures were solved by
direct methods using the SHELXTL package [39,40] within OLEX2
[41] and refined on F2 by full-matrix least-squares methods.
Hydrogen atoms were placed at calculated positions and included
as riding atoms in the refinements. All structures were examined
by the Addsym subroutine of PLATON [42] to assure that the high-
est possible space group was chosen. Crystallographic data of 1–3
have been deposited with the Cambridge Crystallographic Data
Center as No. 1026845, 1026844 and 1026846. Pertinent parame-
ters for crystallographic data collection and refinement are collated
in Table 1. Selected bond lengths and angles of 1–3 are listed in
Table 2. The p-system interactions and the hydrogen bonding
Table 2
Selected bond lengths (Å) and angles () of complex 1–3.
Complex 1
Ag1–O1 2.178(7) Ag1–O2i 2.189(8) Ag1–N1 2.424(9)
O1–Ag1–O2i 159.2(3) O1–Ag1–N1 111.1(3) O2i–Ag1–N1 87.7(3)
Complex 2
Ag1–O5 2.271(7) Ag1–N3 2.399(8) Ag1–O2 2.254(7) Ag2–N4i 2.428(8) Ag2–O7ii 2.231(7) Ag2–O4iii 2.236(7)
Ag3–N1 2.420(9) Ag3–O6 2.207(7) Ag3–O1 2.218(7) Ag4–O8ii 2.251(7) Ag4–N2iv 2.400(9) Ag4–O3iii 2.252(7)
O5–Ag1–N3 90.4(3) O2–Ag1–O5 157.5(3) O2–Ag1–N3 108.2(3) O7ii–Ag2–N4i 111.7(3)
O7ii–Ag2–O4iii 152.6(3) O4iii–Ag2–N4i 87.6(3) O6–Ag3–N1 104.8(3) O6–Ag3–O1 147.8(3)
O1–Ag3–N1 89.9(3) O8ii–Ag4–O3iii 152.7(4) O8ii–Ag4–N2iv 89.4(3) O3iii–Ag4–N2iv 110.1(3)
Complex 3
Ag1–O14ii 2.582(8) Ag1–N6iii 2.355(8) Ag1–O4i 2.285(6) Ag1–O2 2.270(6) Ag2–O1 2.114(6) Ag2–O3i 2.089(6)
Ag3–O9 2.461(6) Ag3–O5 2.250(6) Ag3–O8iv 2.232(6) Ag3–N7 2.413(7) Ag4–O6 2.251(6) Ag4–O7iv 2.261(6)
Ag4–N8i 2.430(7) Ag4–O3i 2.579(7) Ag5–O9 2.250(6) Ag5–N5 2.431(7) Ag5–O12i 2.259(6) Ag6–O6 2.536(7)
Ag6–O10 2.342(6) Ag6–O11i 2.214(6) Ag6–N3 2.341(9) Ag7–O13 2.132(6) Ag7–O16vi 2.151(7) Ag7–O10 2.635(7)
Ag8–O2v 2.586(7) Ag8–N1 2.292(12) Ag8–O14 2.277(7) Ag8–O15vi 2.415(7)
N6iii–Ag1–O2 124.4(2) O14ii–Ag1–O2 75.0(2) N6iii–Ag1–O14ii 94.2(2) O4i–Ag1–O2 140.8(2)
O4i–Ag1–O14ii 117.6(3) O4i–Ag1–N6iii 92.9(3) O3i–Ag2–O1 173.6(3) O5–Ag3–O9 113.8(3)
O8iv–Ag3–O9 95.1(2) O8iv–Ag3–O5 134.4(2) N7–Ag3–O9 107.3(2) N7–Ag3–O5 91.7(2)
N7–Ag3–O8iv 113.3(2) O3i–Ag4–N8i 110.0(2) O3i–Ag4–O7iv 89.8(2) O3i–Ag4–O6 93.1(3)
N8i–Ag4–O7iv 104.3(2) N8i–Ag4–O6 116.2(2) O7iv–Ag4–O6 135.4(2) N5–Ag5–O9 105.7(2)
O12i–Ag5–O9 141.0(2) O12i–Ag5–N5 105.5(2) O10–Ag6–O6 110.2(2) O11i–Ag6–O6 93.5(2)
O11i–Ag6–O10 138.6(2) N3–Ag6–O6 97.8(3) N3–Ag6–O10 88.4(3) N3–Ag6–O11i 122.4(3)
O16vi–Ag7–O13 167.1(3) O10–Ag7–O13 92.9(3) O10–Ag7–O16vi 96.6(2) N1–Ag8–O2v 104.3(3)
O14–Ag8–O2v 74.8(2) O14–Ag8–N1 143.4(4) O15vi–Ag8–O2v 104.8(2) O15vi–Ag8–N1 90.8(4)
O15vi–Ag8–O14 125.3(3)
Symmetry codes: 1 (i) x  1/2, y  1/2, z; (ii) x, y, z + 1/2; (iii) x  1, y, z  1/2; (iv) x, y, z + 3/2. 2 (i) x + 1, y + 1/2, z + 3/2; (ii) x + 1, y  1/2, z + 3/2; (iii)
x + 2, y + 1/2, z + 3/2; and (iv) x + 2, y  1/2, z + 3/2. 3 (i) x, y + 1/2, z  1/2; (ii) x  1, y, z; (iii) x, y + 1/2, z + 1/2; (iv) x, y  1/2, z + 1/2; (v) x + 1, y, z; (vi) x + 1,
y  1/2, z + 1/2; (vii) x, y + 1/2, z + 1/2; and (viii) x + 1, y + 1/2, z + 1/2.
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respectively.Fig. 1. (a) The coordination environment of the Ag(I) ion in complex 1 with the
thermal ellipsoids at 50% probability level. The hydrogen atoms have been omitted
for clarity. (b) The pta linked chain along a axis. (c) The bridging of epyz ligand
between Ag pairs. (d) 2D sheet structure of 1, with the bridging of epyz represented
by blue sticks. (Symmetry codes: (i) x  1/2, y  1/2, z; (ii) x, y, z + 3/2; and
(iii) x  1, y, z  1/2. The epyz ligand is disordered over two orientations where
the methyl group and the ethyl groups take half occupancy.) (For interpretation of
the references to colour in this figure legend, the reader is referred to the web
version of this article.)Results and discussion
General characterizations
Powder X-ray diffraction (PXRD) results suggest the phase pur-
ity of 1–3 in the solid state, which show good agrement between
the experimental and simulated patterns. (Fig. S1, ESI.) The IR spec-
tra (Fig. S2, ESI) of complexes 1–3 confirm the X-ray results, and
the assignments of the characteristic bands are summarized in
Table S3. The characteristic stretching vibrations of the carboxylic
groups locate at around 1566 cm1 (mas) and around 1400 cm1
(ms); no band was observed in the region 1690–1730 cm1 suggest-
ing complete deprotonation [43] of the carboxylic groups. The
strong and broad bands in the range 2850–3650 cm1 can be
assigned to mC—H, while the bands spanning 750–860 cm1 may
be assigned to cC—H.
Structure descriptions
[Ag2(epyz)(pta)] (1)
Single-crystal X-ray diffraction analysis reveals that compound
1 crystallizes in the monoclinic C2/c space group. As depicted in
Fig. 1a, the asymmetric unit of 1 is composed of a Ag(I) ion, half a
mepyz ligand and half a pta anion. The Ag(I) ion is in a T-shaped
coordination geometry (O1–Ag1–O2i = 159.2(3) O1–Ag1–
N1 = 111.1(3) O2i–Ag1–N1 = 87.7(3)), with two oxygen atoms
from different pta anions and one nitrogen atom from the epyz
ligand. The lengthes of the Ag–O and Ag–N bonds are in an expected
range of 2.178(7)–2.424(9) Å [44]. There is a symmetry-related Ag
pair with the Ag–Ag distance of 2.9018(1) Å, which is shorter than
twice the van der Waals radius of silver ions (3.44 Å) and indicates
the presence of significant argentophilic interactions [45]. The pta
anion functions in a l4-g1 : g1 : g1 : g1 mode to link the Ag pairs
into a one-dimensional (1D) corrugated chain extending along aaxis (Fig. 1b), and these chains are further connected by the epyz
ligand into a two-dimensional (2D) 44-sql sheet structure along
the ac plane. The sheets stack with one exactly atop of another, with
Fig. 2. (a) The coordination environment of Ag(I) ions in complex 2 with the
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nyl rings.
[Ag4(epyz)2(ipa)2] (2)
Compound 2 belongs to the monoclinic space group P21/c. Its
asymmetric unit consists of four Ag(I) ions, two epyz ligands and
two mpa anions. The four Ag(I) ions all take T-shaped geometry
with two oxygen atoms from different mpa anions and one nitrogen
atom from a epyz ligand. The four crystallographically distinct Ag
ions are inter-linked by weak Ag–Ag interactions (2.917(1)–
3.319(1) Å) into a tetrahedral Ag4 unit. (Bond lengths and angles
of Ag–Ag interactions of complex 2 and 3 are listed in Table 3.)
The Ag4 units are linked by the l2-epyz and the l4-g1 : g1 : g1 : g1
mpa into a double-layer structure, and the two layers have similar
crossed linkages of the epyz ligands and the mpa anions in different
orientations. This double-layer structure is very similar to the pre-
viously reported structure [33] of [Ag4(2,3-dmpyz)2(mpa)2]n (2,3-
dmpyz = 2,3-dimethylpyrazine, H2mpa = m-phthalic acid), which
contains Ag4 units cross-linked by the pyrazine ligands and the
mpa anions in a similar manner, but in the present case, the tetra-
hedral Ag4 unit is more compacter than the previously reported Ag4
unit which comprises three interacted Ag ions with another Ag ion
weakly attached to one of them (see Fig. 2).
[Ag8(epyz)4(npa)4] (3)
Complex 3 belongs to a monoclinic space group P21/c and exhi-
bits a three-dimensional (3D) framework. The asymmetry unit of 3
contains eight crystallographically independent Ag(I) ions, four
npa anions and four epyz ligands. As shown in Fig. 3a, the Ag1,
Ag3, Ag4, Ag6 and Ag8 ions are in distorted tetrahedral geometries
with three oxygen atoms from three different npt anions and one
nitrogen atom from a epyz ligand. The distortion of a tetrahedron
can be indicated by the calculated value of the s4 parameter intro-
duced by Yang et al. [46] for the description of the geometry of a
four-coordinate metal system (for an ideal tetrahedron, s4 = 1).
The s4 values for the Ag1, Ag3, Ag4, Ag6 and Ag8 ions are 0.67,
0.79, 0.77, 0.61 and 0.65, respectively, indicating different extents
of distortion of the tetrahedra around them. The Ag2 and Ag7 ions
are bently linked by two oxygen atoms from different npt anions.
The Ag5 ion is in a trigonal planar geometry with two oxygen
atoms from different npa anions and one nitrogen atom from a
epyz ligand. The crystallographically independent Ag ions can be
classified as a Ag3 and a Ag5 unit with argentophilic interactions
ranging from 2.874(1) to 3.325(1) Å in them. Alternating Ag3 and
Ag5 units are connected by the npa anions into a chain structureTable 3
Bond lengths and angles of the Ag–Ag interactions for 2, 3.
Complex 2
Ag1–Ag2 3.0993(10) Ag1–Ag3 2.9404(9)
Ag1–Ag4 3.2952(11) Ag2–Ag3 3.1729(11)
Ag2–Ag4 2.9167(10) Ag3–Ag4 3.3195(11)
Ag2–Ag1–Ag4 54.17(2) Ag3–Ag1–Ag2 63.32(2)
Ag3–Ag1–Ag4 64.03(2) Ag1–Ag2–Ag3 55.90(2)
Ag4–Ag2–Ag1 66.34(3) Ag4–Ag2–Ag3 65.91(3)
Ag1–Ag3–Ag2 60.78(2) Ag1–Ag3–Ag4 63.18(2)
Ag2–Ag3–Ag4 53.33(2) Ag1–Ag4–Ag3 52.79(2)
Ag2–Ag4–Ag1 59.49(2) Ag2–Ag4–Ag3 60.76(2)
Complex 3
Ag1–Ag2 2.9189(11) Ag2–Ag3 2.9485(12)
Ag4–Ag5 3.3251(12) Ag5–Ag6 3.2644(11)
Ag5–Ag7 3.0885(11) Ag6–Ag7 3.0280(11)
Ag7–Ag8 2.8743(12)
Ag1–Ag2–Ag3 131.83(4) Ag4–Ag5–Ag6 65.69(2)
Ag4–Ag5–Ag7 120.88(3) Ag6–Ag5–Ag7 56.85(2)
Ag5–Ag6–Ag7 58.65(2) Ag5–Ag7–Ag6 64.50(3)
Ag5–Ag7–Ag8 139.39(4) Ag6–Ag7–Ag8 128.45(4)
thermal ellipsoids at 50% probability level. Hydrogen atoms have been omitted for
clarity. (b) and (c) Two layers of a double-layer, which show the same linkages of
the ligands but in different directions. (d) The double-layer structure in complex 2.
(Symmetry codes: (i) x + 1, y + 1/2, z + 3/2; (ii) x + 1, y  1/2, z + 3/2; (iii)
x + 2, y + 1/2, z + 3/2; and (iv) x + 2, y  1/2, z + 3/2. The mepyz ligand which
contains N1 is disordered over two orientations where the methyl group and the
ethyl groups take half occupancy.)along the a axis (Fig. 3b). Among the chains, the epyz ligands take
a bidentate bridging and a monodentate mode, while the npa
anions take a l5-g2 : g1 : g1 : g1, a l6-g2 : g2 : g1 : g1 and a l6-
g2 : g1 : g2 : g1 bridging mode (Fig. 3c). p–p interactions were
found between the epyz ligands and the npa anions. The linkages
of the epyz ligands and the npa anions further connect the chains
into a 3D framework (Fig. 3d).
Effect of different carboxylate ligands on assembly and various Ag
units in 1–3
As shown in the descriptions above, three novel Ag(I) coordina-
tion polymers with epyz and different carboxylate were
Fig. 3. (a) The coordination environments of Ag(I) ions in complex 3 with hydrogen atoms omitted for clarity. (b) The chain structure with alternating Ag3 and Ag5 units. (c)
and (d) The discontinuous Ag chains linked by the ligands along the b and c axis. (e) The 3D framework in complex 3, with the epyz ligand greenly colored and npt anion dark
redly colored. (Symmetry codes: (i) x, y + 1/2, z  1/2; (ii) x  1, y, z; (iii) x, y + 1/2, z + 1/2; (iv) x, y  1/2, z + 1/2; (v) x + 1, y, z; (vi) x + 1, y  1/2, z + 1/2; (vii) x,
y + 1/2, z + 1/2; (viii) x + 1, y + 1/2, z + 1/2.) (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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reveal that aromatic dicarboxylates show good bridging abilities
to link the Ag(I) ions into multidimensional networks with the
association of the epyz ligand. Diverse structural patterns were
observed in these complexes, that is, the 2D structure in complex
1, the double-layer structure in complex 2, and the 3D framework
in complex 3. Also, various Ag units, including the Ag2, the tetrahe-
dral Ag4, the Ag3 and the Ag5 unit, were found in these complexes.
Different aromatic dicarboxylates undoubtedly play important
roles in the diversities of the whole structures and the various Ag
units. In complex 1 and 2, the pta and the ipa anions, which both
take l4-g1 : g1 : g1 : g1 modes, readily link two pairs of Ag(I) ions
with argentophilic interactions into 2D structures in combination
with the l2-epyz ligands. Ag–Ag interactions and p–p interactions
further contribute to a double-layer structure and the tetrahedral
Ag4 unit in complex 2. In complex 3, the npa anions show strong
bridging abilities with a l5-g2 : g1 : g1 : g1, a l6-g2 : g2 : g1 : g1
and a l6-g2 : g1 : g2 : g1 mode. The npa anions combine with mon-
odentate and l2-epyz ligands to link Ag(I) ions into the 3D frame-
work with chains of alternating Ag3 and Ag5 units.Thermal gravimetric analyses
The thermal behaviors of 1–3 were studied by TGA under N2
atmosphere with a heating rate of 10 C min1. Their TGA curves
all display two steps of weight loss. (Fig. 4) Complex 1 display first
weight loss of 22.4% in the temperature range of 97–169 C,
corresponding to complete loss of the epyz ligand per formula unit
(calc: 24.3%), after that, the weight loss from 250 C can be
assigned to the loss of the anion (found: 29.7%, calc: 32.7%).
Complex 2 shows that first weight loss of 23.% in the temperature
range of 154–219 C, corresponding to complete loss of the epyz
ligand per formula unit (calc: 24.3%), and then, the weight loss
from 280 C can be assigned to the loss of the anion (found:
30.1%, calc: 32.7%). Complex 3 shows that first weight loss of
20.8% in the temperature range of 180–221 C, corresponding to
complete loss of four epyz ligands per formula unit (calc: 22.1%),
and the subsequent weight loss can be assigned to the loss of the
npt anions. Complexes 2 and 3 shows first weight loss from tem-
peratures higher than that of complex 1, suggesting that com-
plexes 2 and 3 are thermally more stable than complex 1, which
Fig. 4. TG curves of the complexes 1–3 in N2.
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trary to the 1D structure in complex 1.Photoluminescence properties
Recently, hybrid inorganic–organic complexes, especially com-
posed of a d10 closed-shell metal center and aromatic ligands, have
been widely examined for their potential applications in chemical
sensors, displays, electroluminescent devices, and biomedical
imaging [47–55]. Thus, the photoluminescence properties of 1–3,
as well as the free ligands, were investigated in the solid state at
room temperature as shown in Figs. 5 and S4, ESI. The epyz ligand
shows photoluminescence with emission maxima at 430 nm,
which may originate from the n-p or p-p transitions. The
H2pta, H2ipa and H2npa show emission maxima at 344, 337 and
479 nm, respectively. Intense emission of complex 1 is observed
at 441 nm, which can be mainly attributed to an intra-ligand emis-
sion state as reported for d10 metal compounds with N-donor
ligands.[56] Complexes 2 and 3 show two groups of emissions,
one group at 396 and 410 nm for 2 as well as 392 nm for 3, the
other group at 468, 483 and 493 nm for 2 as well as 450, 468,
483, 492 nm for 3. The two groups of emissions significantly showFig. 5. Solid state emissions of the complexes 1–3.blue shift and red shift compared to the epyz ligand. It has been
reported that the Ag–Ag interactions have an important influence
on the energies of the ground and excited states of the silver coor-
dination compounds and contribute to their photoluminescent
properties [57–60]. So the different emissive behaviors of 2 and 3
may arise from the synergistic effects of different interactions
(such as p–p and Ag–Ag interactions), as well as possible charge
transfer between the Ag ions and the epyz ligands [61–67].
Conclusions
Three new silver(I) coordination polymers have been synthe-
sized and characterized, suggesting the effectiveness of the com-
bination of 2-ethyl-3-methylpyrazine and different aromatic
dicarboxylates for the construction of various silver units in coor-
dination polymers. The 2D network with Ag2 units in 1, the dou-
ble-layer structure with tetrahedral Ag4 units in 2 and the 3D
framework with chains of alternating Ag3 and Ag5 units in 3 are
profoundly influenced by the different aromatic dicarboxylates
and the 2-ethyl-3-methylpyrazine. These results may supply
meaningful information for the further design and assembly of
silver(I) coordination polymers with silver clusters.
Appendix A. Supplementary material
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.molstruc.2015.02.
075.
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